ABSTRACT
INTRODUCTION
Interharmonics which means those frequencies that are not integral harmonics of the supply fundamental frequency bring a lot of harm to power grid, such as overheating phenomenon, voltage fluctuation and flicker, passive filter overload, sub synchronous oscillation and so on [1] [2] . The common interharmonic sources in power grid mainly include AC/DC/AC converter, wind generation and fluctuating load. Many research has been taken on interharmonic characteristics of variable speed drives, electric arc steel furnace, wind generation, HVDC system, induction motor [3] [4] [5] [6] [7] . However, The existing research about induction motor interharmonics mainly focus on rotor winding imbalance and iron core saturation causes [7] . Paper [8] found out that when the mechanical load fluctuates the rotor speed and motor electromotive force will also fluctuate, which leads to fluctuating supply current injected into the grid and can be thought of interharmonic causes. As the viewpoint in [1] , the air compressor is a typical fluctuating mechanical load of induction motor and may cause interharmonics in supply currents. But there is little research on interharmonic characteristics of air compressor motor. This paper firstly tests and records voltage and current waveform data of a working 7.5kW three phase induction motor with air compressor load. Then the voltage and current interharmonics during different working condition is analyzed off-line based on FFT algorithm [9] [10] . Meanwhile, other power quality problems brought by interharmonics such as voltage fluctuation and flicker is calculated and given. Furthermore, the interharmonics mechanism of air compressor motor is found out based on the motor model.
TESTING DATA ANALYSIS

Air compressor under test
Air compressor is usually drived by a induction motor. This paper has chosen an air compressor drived by a 7.5kW three phase induction motor to test its working voltage and current data as shown in Fig.1 . The electrical connection of air compressor motor and testing equipment is shown in Fig.2 . To ensure the accuracy of the analysis, a power quality waveform recorder is applied which can fully record the voltage and current waveform data to be analysed off-line and show the real time power quality index meanwhile. The duration time of the test in this paper is about one hour. 
Interharmonics calculation
Based on IEC method, a signal involved harmonics and interharmonics can be expressed as a fourier series:
The parameter N in formula (1) means number of fundamental periods in one FFT calculation time window and c m is just the harmonic and interharmonic amplitude of which the frequency resolution is f 1 /N. IEC recommended using a time window with 10 fundamental periods. However, this method may lead to spectrum leakage and cannot identify the accurate interharmonic frequency [9] [10] . Based on previous research and sufficient observation of the testing data, this paper has chosen a time window with 8 fundamental periods. As the fundamental frequency of China power grid is 50 Hz, the interharmonic frequency resolution can be 6.25 Hz when using a 8 fundamental periods time window for FFT calculation. Though FFT calculation of the recorded waveform data, interharmonic spectrum of the 7.5kW air compressor motor supply voltage and current is shown in Fig.3 . Fig.3(a) and Fig.3(b) respectively show the results when air compressor motor is running and stopped. It can be found that when the air compressor motor is running, 37.5Hz and 62.5Hz interharmonics can be detected in the supply voltage and current.
(a) When air compressor motor is running (b) When air compressor motor is stopped Fig.3 The air compressor motor supply voltage and current waveform and the interharmonic spectrum Furthermore, the 37.5Hz and 62.5Hz interharmonics voltage and current variation curves are calculated and shown in Fig.4 and Fig.5 . From the variation curves, it can be found that interharmonics of air compressor motor is intermittent. When air compressor motor is stopped, there is no interharmonic in supply voltage and current. However, when it is running, the 37.5Hz and 62.5Hz interharmonics voltage and current rise to a high value immediately. So the working of air compressor motor can produce voltage and current interharmonics. 
Caused voltage flicker problem
Moreover, the 37.5Hz and 62.5Hz interharmonics in the 7.5kW air compressor motor supply voltage and current may lead to voltage flicker problem. This paper also has calculated and given the voltage flicker variation curve of the air compressor motor supply voltage as shown in Fig.6 , in which the voltage flicker index is out of the limits (1.0). 
MODELING AND MECHANISM
Air compressor which is drived by an induction motor compresses air and generate air pressure by converting the mechanical energy of motor to gas pressure energy. The working process can be treated as a motor with mechanical load whose stator and rotor equivalent circuit can be shown in Fig.7 . 
In formula (2), s means the slip ratio and s  means the angular speed of the stator field. Ignoring the saturation, hysteresis and eddy current, and assuming distribution flux wave pure sine, the stator voltage formula of phase a can be expressed as:
At any moment, flux linkage a  of stator winding in phase a can be expressed as: 
The stator phase a voltage can be expressed as:
In formula (4) 
Stator phase b and c voltages have the same expression. Based on the analysis above, the equivalent circuit diagram of a motor stator voltage in one phase can be drawn in Fig.8 . 
In formula (8) and (9), Combining formula (6)~(9), the stator voltage can be derived as following：
